Introduction There is sparse literature on how best to correct Scheuermann's kyphosis (SK). The efficacy of a combined strategy with anterior release and posterior fusion (AR/PSF) with regard to correction rate and outcome is yet to be determined. Materials and methods A review of a consecutive series of SK patients treated with AR/PSF using pedicle screwrod systems was performed. Assessment of demographics, complications, surgical parameters and radiographs including flexibility and correction measures, proximal junctional kyphosis angle (JKA ? 1) and spino-pelvic parameters was performed, focusing on the impact of curve flexibility on correction and clinical outcomes. Results 111 patients were eligible with a mean age of 23 years, follow-up of 24 months and an average of eight levels fused. Cobb angle at fusion level was 68°preoper-atively and 37°postoperatively. Flexibility on traction films was 34 % and correction rate 47 %. Postoperative and follow-up Cobb angles were highly correlated with preoperative bending films (r = 0.7, p \ 0.05). Screw density rate was 87 %, with increased correction with higher screw density (p \ 0.001, r = 0.4). Patients with an increased junctional kyphosis angle (JKA ? 1) were at higher risk of revision surgery (p = 0.049). 22 patients sustained complication, and 21 patients had revision surgery. 42 patients with C24 months follow-up were assessed for clinical outcomes (follow-up rate for clinical measures was 38 %). This subgroup showed no significant differences regarding baseline parameters as compared to the whole group. Median approach-related morbidity (ArM) was 8.0 %, SRS-sum score was 4.0, and ODI was 4 %. There was a significant negative correlation between the SRS-24 self-image scores and the number of segments fused (r = -0.5, p \ 0.05). Patients with additional surgery had decreased clinical outcomes (SRS-24 scores, p = 0.004, ArM, p = 0.0008, and ODI, p = 0.0004). Conclusion The study highlighted that AR/PSF is an efficient strategy providing reliable results in a large singlecenter series. Results confirmed that flexibility was the decisive measure when comparing surgical outcomes with different treatment strategies. Findings indicated that changes at the proximal junctional level were impacted by individual spino-pelvic morphology and determined by the individually predetermined thoracolumbar curvature and sagittal balance. Results stressed that in SK correction, reconstruction of a physiologic alignment is decisive to achieving good clinical outcomes and avoiding complications.
Introduction
Comprehensive series on outcomes of surgical treatment for Scheuermann's kyphosis (SK) are few [7] [8] [9] [10] [11] .
Accordingly, there remains significant discussion regarding the ideal strategy to correct SK, and the ideal kyphosis that should be targeted in each individual is yet to be determined. While some recommend anterior release and posterior instrumented spinal fusion (AR/PSF) for curves, e.g., not bending down B50°on hyperextension films [3, [12] [13] [14] [15] [16] , others report that most curves can be treated with PSF, irrespective of size [8, 19] . Recommendations are based on relatively small sample sizes and heterogeneous groups. The efficacy of each technique is yet to be elucidated. A recent complications review by the SRS reported no significant difference between 338 posterior-only and 272 AR/PSF (15 % vs. 17 %) [11] . The authors stressed, however, that the impact of a combined approach with regard to correction rates, loss of correction, perioperative and long-term outcomes as well as the incidence of junctional problems needs to be determined in larger samples. Notably, the flexibility of kyphosis and number of levels fused are frequently neglected [19] . Despite curve flexibility being an established predictor for curve correction in scoliosis surgery [21] , it is frequently not addressed in the treatment of SK, although it might be the most significant factor in the decision-making process for each individual curve.
Only a few studies describe the outcomes of surgical correction of SK using pedicle screw-only constructs [23] . By analyzing the outcomes of a large single-center series using AR/PSF and pedicle screw-only constructs for the treatment of SK, the authors sought to provide a valuable sample for comparison and refinement of the indications for posterior-only versus combined strategy. Emphasizing the analysis of the efficacy of a combined treatment, the current study focused on the interdependence of correction and preoperative curve flexibility, complications, approach-related morbidity and clinical outcomes
Materials and methods
This was a case series review of patients with SK operated on using AR/PSF in 2000-2008. Minimum follow-up for inclusion was 6 months (to assess all perioperative complications). Medical charts were analyzed for demographics, surgical details, perioperative complications, incidence and indications for revision surgery and analysis of clinical outcome. Patients with a 24-month follow-up were invited for clinical survey. Surgical files and radiographs were scanned for implants used, number of levels fused, end levels and screw density. Screw density (%) was calculated from the number of pedicle screws inserted and the maximum possible ( Fig. 1 ). Complications were stratified according to Glassman [25] . Revision surgeries were stratified into: minor, e.g., superficial wound irrigation and debridement; major, including revisions for mechanical concerns.
Radiographs
Patients had preoperative, postoperative and follow-up fulllength standing biplanar radiographs. Preoperatively, patients had a hyperextension radiograph with the patient lying extended over a bolster beneath the apex of the kyphosis (HE-radiograph, Fig. 2a ) and/or another radiograph with the patient applying traction in a Cotrel-traction apparatus (traction-radiographs, Fig. 2b ). Measurements were performed using the Cobb angle method. Proximal junctional kyphosis (PJK) was assessed in terms of the junctional kyphosis angle and with all other radiographic parameters explained in Fig. 3 .
Preoperative flexibility of kyphosis was calculated on HE-radiographs and traction-radiographs using the following equation: Bending flexibility (%) = [(preop bending -Cobb)/preop Cobb] 9 100. Correction rate and loss of correction were calculated accordingly. On the AP radiograph coronal balance was measured by dropping a C7-plumbline and measuring its offset from the center sacral vertical line (C7-SVL, in cm). Scoliosis exceeding 20°was measured using the Cobb angle method. Changes in construct alignment, failure of instrumentation, distal junctional kyphosis (DJK) with loosening or pullout of screws and evidence of non-union were recorded. Diagnosis of non-union was made when there was radiographic evidence of it or instrumentation failure, loosening or motion during surgical exploration.
Clinical outcome
Patients were invited for clinical survey using validated measures. Disease-specific and generic questionnaires including the Oswestry Disability Index (ODI), Scoliosis Research Society-24 questionnaire (SRS-24), approachrelated morbidity questionnaire (ArM) and SF-36 in terms of the normalized physical component score (PCS) and mental component score (MCS).
Surgical technique
Mature patients with intractable back pain and adolescents with unacceptable cosmetic deformity or evidence of progressive thoracic or thoracolumbar SK were offered corrective surgery if curve size exceeded 60°and 30°, respectively. Before surgery, patients had MRI scans to exclude disc herniation and intraspinal pathology, pulmonary function analysis, a neurologist consultation and clinical photography (Fig. 4) . All patients were treated with AR/PSF using pedicle screws only and iliac bone grafts. For AR, patients with thoracic SK were operated on in a left-sided lateral decubitus position using an open lateral thoracotomy with excision of one rib, usually one level below the uppermost disc to be released and two levels above the apex of the kyphosis. Patients with a thoracolumbar SK had a thoracolumbophrenotomy. Discs were removed using a luer, rongeur and curettes. The anterior longitudinal ligament was cut while the posterior ligament was left intact. At the apex and distal vertebrae, corticocancellous blocks were packed into the disc space, while rib grafts were packed at proximal levels. Thoracic drains were removed on day 3-4 postoperatively and patients were mobilized in a cast until PSF 1 week later. The posterior technique is summarized in Fig. 5 . After PSF, patients were mobilized on day 2 and wore a thoracolumbar orthosis for 4 months. Follow-up was scheduled at 6, 12 and 24 months. For PSF, a rigid thirdgeneration pedicle screw-rod system with 5.5 mm diameter (XIA-2, Stryker, France) was used in 73 patients (65.8 %) and a semi-rigid pedicle screw system with a 4.0 mm threaded rod (USIS, Ulrich, Germany) in 38 patients (34.2 %).
Statistical analysis
Cross-tabulation tables were computed and analyzed using Fisher's exact test as well as Pearson's test. ANOVA and repeated measures ANOVA with one fixed factor were Fig. 2 Preoperative analysis of flexibility was performed on (a) HE-radiographs or on (b) traction-radiographs with the patient applying distraction in a Cotrel-traction apparatus. Calculation of flexibility was by comparing neutral full-standing radiographs to the bending radiographs performed with two-sided Fisher's LSD tests as corresponding post hoc tests. Pearson's correlation coefficients were computed to analyze the relationship between two continuously and approximately normally distributed variables. Two-sided, unpaired Student's t tests were applied to compare the variables in two independent groups. A bivariate linear regression model was set up to evaluate the relationship between the postoperative kyphosis (Fusion-Cobb) as dependent and preoperative kyphosis and kyphosis on bending radiographs (best of traction-and HE-radiograph) as independent variables. Data were checked for outliers and normality, and correlation coefficients and coefficient of determination were computed. Regression coefficients were tested for significance. The regression model was tested in an independent test sample (i.e., data were not used for construction of the regression model) of a consecutive series of ten patients with SK treated in 2011 using AR/PSF. A p value \5 % indicated a statistically significant correlation or difference. All analyses were carried out using STATISTICA 10.0 (Statsoft, Chicago/USA).
Results

Sample characteristics
Institutional database review revealed 115 patients with AR/PSF. 111 patients (96.5 %) had complete radiographic sets eligible for analysis. The sample included 74 males (67 %) and 37 females (33 %). Their age was 23.6 ± 10.8 years (range 12-60 years) and average follow-up 23.5 months (range 6-122 months). Six patients (5.4 %) had one-stage AR/PSF and 105 patients (94.6 %) had two-staged surgery. The length of AR was 7.6 ± 1.3 levels (range 5-11 levels), and length of PSF was 8.1 ± 1.3 levels (range 3-11 levels). The majority of patients had instrumentation proximal from T4 (36 %) or T5 (32.4 %) and distal to T12 (21.6 %) or L1 (57.7 %). The first-lordotic disc was located between T11 and L4, at L1-L2 in 66 patients (59.5 %) and T12-L1 in 20 (18 %) . The difference between the LIV and the vertebra above the first lordotic disc was 0.1 ± 0.5 levels (range -2 to 2; median: 0).
Radiographic results
Correction
The preoperative Fusion-Cobb was 67.2 ± 12.2°(range 38-96°) and postoperative 37.3 ± 15.6°(range -4 to 76°) showing a significant correction of 30.1 ± 13.5°(range -5 Fig. 3 Technique for measuring main radiographic parameters: sagittal radiographs were assessed for thoracic kyphosis T4-T12 (TK), lumbar lordosis L1-S1 (LL), Cobb angle of levels in the fusion mass including maximum kyphosis measured from the most proximal to the most distal vertebra of that curve (Fusion-Cobb), thoracolumbar junctional angle T10-L2 (TLA), sacral slope (SS), pelvic tilt (PT), deviation of the C7-sagittal plumbline (C7-SPL) off the S1-posterior endplate (in cm) and proximal junctional kyphosis angle (JKA ? 1). JKA ? 1 is the angle obtained by the lower endplate tangent of the upper instrumented vertebra and the upper endplate tangent of the vertebra two levels cephalad to the upper instrumented vertebra [3] . On lateral radiographs, the level of the first-lordotic disc was detected. For follow-up radiographs, the difference between a predicted high lumbar lordosis L1-S1, as by the equation LL = PI ? 9° [5] , and the real lumbar lordosis was calculated Eur Spine J (2014) 23:180-191 183 The vertebra above the first disc revealing lordotic wedging is usually selected as the lowest instrumented vertebra (LIV). The selection of LIV also addresses the concerns of increased biomechanical stress at the thoracolumbar junction. Thus, if there were concerns regarding fusion stopping at T12 or L1, the latter was selected as LIV [2] . Midline exposure was extended to the tips of the transverse processes following a posterior release including facet resection, and interspinous ligament resection pedicle screws were placed by free-hand technique using probes and an image intensifier before pedicle screw insertion (the number of screws placed depended on the attending surgeon; Fig. 1 ). A few patients displayed spontaneous fusion of facet joints and posterior elements indicating Ponte type of osteotomies. a Rods are inserted in a proximal to distal direction using a cantilever technique with a rod persuader slowly distributing correction forces, bringing about kyphosis reduction. b Two to three rounds of periapical segmental compression complete the correction process. c Final unilateral compression can address additional scoliotic deformity-note, the upper screw is protected by a rod holder to prevent loosening. Table 1 and Fig. 6 . Summarizing, after correction of thoracic and thoracolumbar SK a mean TK of 44°and LL of 55°was achieved and both displayed a significant interrelation (r = 0.5, p \ 0.05), indicating compensatory lumbar adjustments for the amount of thoracic and thoracolumbar correction.
Screw density
Screw density was 87.3 ± 12.9 % (range 41.7-100 %). It showed a significant impact on the correction rate (%/°) (p \ 0.001, r = 0.3/r = 0.4), but not on clinical outcomes, amount of JKA ? 1 or revision rate. Also, statistical analysis showed that screw density was not correlated with the magnitude of preoperative thoracic hyperkyphosis or flexibility of kyphosis (all p [ 0.1).
Flexibility
On traction-radiographs, Fusion-Cobb was 45.1 ± 11.7°( range 14-76°), while on HE-radiographs 47.4 ± 16°( range 4-88°) without significant differences. On tractionradiographs, flexibility of Fusion-Cobb was 22.1 ± 10°( range 4-53°) and 32.9 ± 13.7 % (range 7.9-63.2 %). On HE-radiographs flexibility of Fusion-Cobb was 19.6 ± 9.8°(range -2 to 48°) and 30.5 ± 16.6 % (range -2.5 to 91.8 %). The differences between both were not significant. Analysis of the prediction variables for correction of postoperative kyphosis showed that the difference in the Fusion-Cobb on traction-radiographs and on postoperative radiographs was 9.4 ± 11.3°and was smaller when compared with the HE-radiographs. Correlation between Fusion-Cobb on traction-radiographs and the postoperative and follow-up radiographs (r = 0.7 and r = 0.7) was stronger than for the HE-radiographs (r = 0.4 and r = 0.4). The same interdependencies existed for correction and preoperative flexibility (%/°). The prediction model revealed that preoperative kyphosis (p = 0.03) and kyphosis on traction/extension (p = 0.000004) are significant prediction variables. The multiple correlation coefficient was R = 0.63 (p \ 0.000001). An illustration of the model with the regression equation is shown in Fig. 7 . Application of the equation to the sample showed that the difference between predicted postoperative kyphosis and postoperative kyphosis averaged 0.2°based on traction-radiographs and 2.2°when data from hyperextension views were used. The performance of the prediction model in clinical practice was tested by applying the regression model to a series of ten consecutive patients (cross-validation) with a mean age of 21.3 years, which included five female and five male patients. The independence test showed that differences between actual postoperative kyphosis and predicted kyphosis based on preoperative bending radiographs averaged -8.8°.
Scoliosis
Preoperative scoliosis was present in 26 patients (23.4 %) and in 5 patients (4.5 %) postoperatively and at follow-up. It significantly reduced flexibility on traction-radiographs and the degree of correction of TK (p = 0.03/p = 0.03) and Fusion-Cobb (p = 0.03/p = 0.01).
PJK
In 60 patients (54.1 %), the upper thoracic spine could be assessed accurately on preoperative and follow-up radiographs. Preoperative JKA ? 1 was 7.7 ± 7.3°(range -4 to 28°), postoperative 11.5 ± 8.5°(range -2 to 40°) and follow-up 14.7 ± 8°(range -3 to 38°). Two patients (1.8 %) had a symptomatic DJK requiring revision once.
Spino-pelvic balance
Interrelations between the pelvic and spinal parameters were maintained in the SK patients throughout treatment. PI was 46 ± 10.8°(range 28-69°). Preoperatively and at follow-up, there was a strong correlation between the SS and LL (r = 0.7 and r = 0.9, p \ 0.05), and the correlation between the SS and PI remained high (r = 0.5/ r = 0.6, p \ 0.05) as between the PI and PT (r = 0.5/ r = 0.7, p \ 0.05).
Clinical outcomes
Patients were stratified as to whether they responded to clinical follow-up invitation using validated measures (Group B) or not (Group A). 49 patients (44.1 %) were allocated to Group B and 62 (55.9 %) to Group A. Followup of Group B was 59.2 ± 33 months. Group B patients were older than Group A (p = 0.01) and had longer follow-up, but there were no differences concerning gender distribution, complication rate and need for revision or subsequent surgery, preoperative scoliosis, JKA ? 1 and other radiographic parameters. Older patients and patients with a longer follow-up had statistically decreased outcomes in terms of SRS-24 (r = -0.3/r = -0.5), ArM (r = 0.5/ns) and ODI (r = 0.5/r = 0.5). Thus, Group B generally underestimates the general outcome of patients rather than biasing it.
The SRS-24 sum score was 91.4 ± 15.7 (range 46-110 patients), ODI 6.4 ± 7.7 % (range 0-32 %) and ArM 19.2 ± 23.7 % (range 0-72.5 %). The SF-36 PCS was Complications 22 patients experienced a minor complication. No patient sustained a neurovascular injury or died. 21 patients (18.9 %) had revision surgery. Six patients (5.4 %) had a minor revision surgery for superficial wound infection or delayed wound healing needing irrigation and debridement. Another 13 patients (12 %) had a significant revision surgery. Indications for rigid modern pedicle screw-rod versus semi-rigid screw-rod systems were skin breakdown above a screw head (1 vs. 0 patient), construct failure with rod fracture (0 vs. 3 patients), screw loosening (0 vs. 3 patients) and screw dislocation (3 vs. 2 patients) indicating that revision instrumentation and fusion was required in five patients (4.5 %) with non-union. Two had non-union in the lower foundation, and three in the upper fusion levels. Summarizing, the major complication rate was 5.4 % with the rigid modern system and 21.1 % with the semi-rigid system. Neither the presence of scoliosis nor the level of the LIV, or the difference between the LIV and the first lordotic disc, impacted revision rates. Patients undergoing revision had diminished SRS-24 scores (73.8 % vs. 93.9 %, p = 0.004), higher ArM (53.1 % vs. 15.3 %, p = 0.0008) and ODI (15.6 % vs. 5.2 %, p = 0.004). Statistical analysis did not reveal significant differences regarding the rate of significant revision in Group A (11.6 %) compared to Group B (11.9 %).
Discussion
The current study hoped to provide better evidence for the efficacy of AR/PSF. The patients' characteristics were comparable to those of previous studies (Table 2 ) and the results concur with those of other authors [12, 14, 28, 31] , confirming that in terms of safety, correction, fusion rate and clinical outcome AR/PSF is an efficient strategy conferring reproducible results as well as several advantages. The mean correction of Fusion-Cobb was 30°and correction per instrumented level 4°. The amount of correction largely depended on preoperative curve size, flexibility and target kyphosis. With deformity surgery in adolescents, there seems to be consensus that lumbar motion and function decrease, while morbidity and disability increase with the number of lumbar levels fused [32] [33] [34] [35] . With most patients having LIV at the first-lordotic disc in our study, the number of levels fused could be limited to eight on average, indicating a mobile lumbar spine in most patients. In other studies, fusion length averaged 11 [36] , 12 [29] and 13 levels [28] or was not reported [3, 8] . There is ongoing discussion regarding the appropriate end level to spare motion segments while lowering the risk of PJK and DJK [37] . Regarding UIV, there seems to be agreement concerning inclusion of at least the proximal end vertebra [24] . Hamzaoglu [38] recommended inclusion of the proximal EV and EV ? 1, based on the rationale that the EV should be the last proximal vertebra sustaining correction forces. Concerning LIV selection, several authors recommend instrumentation at least one level below the first-lordotic disc, particularly if posterior-only correction is anticipated [13-15, 26, 28, 39, 40] . This means two levels more than reported in the current study. Denis [3] , Ning and Lenke [40, 41] and Arlet [40] recommended inclusion of the vertebra touched by the C7-SPL called 'sagittal stable vertebra' which is usually one to two levels lower than in the current study. With application of AR/ PSF and the use of pedicle screws only, stopping fusion at the first lordotic disc on average was shown to be efficient. Only one of our SK patients required revision for DJK, one to two motion levels were spared compared to other concepts. Nevertheless, with posterior-only fusion, selection of LIV below the first-lordotic disc seems appropriate. Possibly one [12, 14] , two [26] or more levels should be the subject of comparative studies using pedicle screws only. Using a modern rigid pedicle screw-rod construct in the majority of patients with a screw density of 87 %, our loss of correction was small (*1°). A study by Clements [42] showed that screw density has a significant bearing on major curve correction in scoliosis (r = 0.3, p = 0.001). Bradford et al. [17] 1980
The current study in SK confirmed the results showing that the degree of correction correlated with the number of screws placed: periapical segmental compression increases forces that can be directed toward and controlled at each segment, while the deflection forces of the rod acting on the inserted screws are distributed over a larger area when choosing segmental instrumentation.
In SK correction reconstruction of a physiologic alignment is decisive. Lonner [30] reported that the presence of postoperative PJK correlated with TK and with PI. In scoliosis, greater decrease of TK significantly correlated with PJK (27 %) [43] . In our study, JKA ? 1 resembling the amount of PJK was related to PI, TK and Fusion-Cobb. Changes at the junctional level are impacted by individual spino-pelvic morphology and determined by the individually predetermined ideal sagittal alignment. Accordingly, overcorrection of thoracic hyperkyphosis will result in increased PJK. This in turn might cause implant loosening at the UIV and loss of correction, due to the upper noninstrumented thoracic spine and lumbar spine moving to balance the spino-pelvic parameters [3, 8, 14, 24, 30, 40] . Overcorrection is more likely to occur in flexible SK, causing adjacent segment problems. In other studies with longer fusions, it largely increased the risk for DJK [8, 14, 40] . In our study, increase of JKA ? 1 was correlated with higher risk for a revision surgery, which in turn was related to poorer clinical outcomes. Similarly, in a study by Denis [3] , the presence of PJK and DJK was a risk factor for revision surgery (20 and 50 %). The study emphasized that the restoration of spino-pelvic and spinal balance is of the greatest importance-not the degree of kyphosis correction.
Undercorrection with a persisting thoracic hyperkyphosis will usually result in compensatory lumbar hyperlordosis, which can be the source of accelerated degeneration and complaints in the long term. Therefore, appropriate reconstruction of kyphosis is indicated. With a mean TK of 44°and LL of 55°in perspective of a PI of 46°, this goal was achieved in our patients as shown in Fig. 9 , summarizing the distribution of final TK in our patients. When a TK of *45°(40-50°) is accepted as a desirable target kyphosis [8, 14, 26, 44] , then AR/PSF resulted in overcorrection in some patients, particularly when a threaded screw-rod system was used. On the other hand, with the techniques described a few patients also had undercorrection. Screw density was shown to have an impact on the correction rate, indicating that in patients with most rigid deformities, as seen in the few patients with undercorrection in the current series, more aggressive antero-posterior releases, compression and high screw density rate are needed to achieve target kyphosis.
The literature does not provide sufficient evidence to delineate when to use AR/PSF, PSF-only or when to apply distinct osteotomy techniques, to achieve the ideal target kyphosis. In our review of literature (Table 2) which included a total of 727 patients, with an average sample size of 29 and mean age of 20 years, three studies reported on clinical outcomes using validated measures. Flexibility data were reported only by Koptan (in %) [23] , Lee (in %) [29] , Johnston (in %) [36] , Herera-soto (in°) [28] and Hosman (in°) [8] . There has been no study yet comparing both strategies based on comparable preoperative kyphosis and flexibility in a sufficiently large sample. Our study confirmed that kyphosis correction is dependent on preoperative curve flexibility, with better kyphosis correction in traction-radiographs than HE-radiographs. On average, postoperative correction was 9°better than preoperative curve size on traction-radiographs.
A bivariate regression analysis generated an equation with a prediction accuracy of 0.2-2°. Its clinical application, however, on an independent test sample, revealed a difference of -8.8°. Equations as reported for prediction of scoliosis correction or prediction of sagittal balance [45, 46] were not tested in independent samples. However, the current study stressed that this is decisive to study the clinical value of an equation. Deviation of the differences between predicted and achieved postoperative kyphosis confirmed that the degree of SK correction depended on the preoperative flexibility and also on other variables, such as the aggressiveness of anterior and posterior release and screw density. Also, as illustrated in Fig. 9 , a few patients in the original sample had overcorrection to \30°, which was avoided in subsequent SK surgeries in the authors' institution. Nevertheless, high prediction of the bivariate model in the original group demonstrated the impact preoperative flexibility had on the postoperative degree of correction. Results indicate that any comparison of posterior-only versus ASR/PSF has to be based on similar preoperative measures. With a mean correction of 30°, TK of 44°at follow-up and a mean of eight levels fused, the overall clinical outcome in the SK patients was good. Mean ODI was only 6 % and within normal range [47] . SRS-24 sum score and SF-36 PCS were high with 91 and 49, respectively. Clinical outcomes did not correlate with the degree of curve correction-as in a study by Poolman [26] . This was most likely related to the fact that the amount of correction needed to achieve target kyphosis varied in each patient. Notably, similar to another study on adolescent idiopathic scoliosis undergoing anterior open transthoracic correction [48] , average ArM was low (19 %). However, age had a significant correlation with ArM. While ArM was 8 % in patients aged B20 years, it averaged 24 % in patients aged [20 years, which was still modest on average. Likewise, Coe [11] and Tribus [16] have shown that the incidence of complications in SK surgery increases with patients' age [11, 16] . The selection of AR should be discussed critically in older patients in terms of its impact on curve correction, salvage of fusion levels and ArM.
A treatment is only as good as its treatable complications. In the current study, there was no neurological injury. Results showed that occurrence of complications and need for revision surgery (17 %) had a significant impact on clinical outcomes. The main complications requiring revision were not related to the anterior approach, but they were related to the posterior wound, a consequence of implant loosening, construct failure or non-union with the semi-rigid threaded rod system (which is not used anymore), or related to a high JKA ? 1, particularly in cases with overcorrection, mirroring observations of previous studies [3, 8, 14, 49] . The complication rate was 5 % using a modern rigid instrumentation and 21 % using the former semi-rigid system. The findings confirmed that with the development of modern instruments and implants, reduction of complications has been possible over time.
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